Considerable progress has been made toward collection of baseline data on air emissions from U.S. animal feeding operations. However, limited data exist in the literature regarding turkey air emissions. The project described in this paper continuously monitors ammonia (NH 3 ) and particulate matter (PM) emissions from turkey production houses in Iowa (IA) and Minnesota (MN) for one year, with IA monitoring Hybrid tom turkeys and MN monitoring Hybrid hens. Mobile Air Emission Monitoring Units are used in the continuous monitoring. Data collection and analysis has been ongoing since May 2, 2007 for the IA site and October 9, 2007 for the MN site. Based on the one-year measurement at the IA site involving three flocks, daily NH 3 emissions (g/d-bird) from the IA turkey house varied from 0.04 to 6.4 (mean of 1.9) for flock 1 (May-Aug), 0.2 to 3.4 (mean of 1.3) for flock 2 (Aug-Dec), and 0.16 to 3.8 (mean 1.4) for flock 3 (Dec-Apr). The PM 10 emissions (g/d-bird) were 0.04 to 1.6 (mean of 0.58), 0.04 to 0.39 (mean of 0.2), and 0.04 to 0.82 (mean of 0.37) for flocks 1, 2, and 3, respectively; and the concomitant PM 2.5 emissions (g/d-bird) were 0 to 0.11 (mean of 0.048), 0 to 0.05 (mean of 0.021), and 0 to 0.14 (mean of 0.053) for flocks 1, 2, and 3, respectively. Annual mean emissions from the tom turkeys (including downtime emission), expressed as grams of constituent per bird marketed, were 169 g NH 3 , 40 g PM 10 , and 4.3 g PM 2.5 per bird marketed. Data collection and analysis at the MN site are ongoing. 
Introduction
Like other animal feeding operations (AFOs), turkey production facilities generate and emit gases and particulates. Some of the pollutants have been designated as hazardous gases by the U.S. Environmental Protection Agency (EPA), such as ammonia (NH 3 ) and hydrogen sulfide (H 2 S), because of their potential impact on the health of workers and birds. Particulate matters of 10 µm or smaller in diameter (PM 10 ) create ambient air quality concerns when released into the atmosphere. Ammonia emissions from AFOs have been estimated to represent the largest portion of the national NH 3 emissions inventory in the United States. A comprehensive review by the National Academy of Science (NAS, 2003) regarding air emissions called for collection of baseline emission data and development of process-based models to predict such air emissions. Recently a multi-state (IA, UK, PA) project funded by the USDA-IFAFS Program was completed that quantifies NH 3 emissions from representative U.S. broiler and layer houses (Liang et al., 2005; Wheelers et al., 2006) . In 2005 an Air Compliance Agreement (ACA) was reached between EPA and certain sectors of the U.S. livestock and poultry industries, namely, broiler, laying hen, swine, and dairy industries. The ACA studies will yield more baseline data on air emissions from U.S. AFOs. As a part of the ACA studies, emissions of specified gaseous (NH 3 , H 2 S, and non-methane hydrocarbons) and PM (total suspended particulate or TSP, PM 10 , and PM 2.5 ) from two commercial broiler houses in Western Kentucky have been continuously quantified for one-year period (Burns et al., 2007) and some of the results have been reported. However, turkey industry is not a part of the ACA and there had been no study that continuously quantifies air emissions from U.S. turkey production facilities.
The objective of this join effort between Iowa State University and University of Minnesota was to continuously quantify NH 3 and PM emissions from representative turkey barns in the Midwest over a one-year period. Specifically, IA is monitoring emissions from tom (male) turkeys and MN is monitoring hen turkeys. Both sites use the same Hybrid strain. Emissions are presented on a daily, per flock or annual basis. At the time of this paper preparation, data analysis from the MN site was still ongoing. Hence, the paper will only present emissions data to date from the IA site.
Materials and Methods
A commercial turkey barn in central Iowa was continuously monitored for NH 3 , PM 10 , and PM 2.5 emissions over one-year period (May 2007 -May 2008  Table 1 ). The east-west oriented turkey barn (18.3 x 102 m; 60 x 335 ft) used combined cross and tunnel ventilation and static pressure controlled curtain inlets ( fig. 1 ). Four space furnaces (73.2 kW or 250,000 Btu/hr each) were distributed in the barn (21.3 m or 70 ft apart) to provide space heating in cold weather. The barn had a wooden sidewall on the north and a 1.5 m (5 ft) permeable Nylon curtain on the south. The barn had five 61-cm (24-in) diameter sidewall fans spaced at 18.3 m (60 ft) apart, one 123-cm (48-in) and six 132-cm (52-in) diameter tunnel fans. The sidewall fans were used for cold weather ventilation whereas the tunnel fans used for warm weather ventilation. At five weeks of age, the Hybrid tom turkeys were moved from brooder barn to the grow-out barn where they were raised till market age of 20-21 weeks. Standard commercial diets were fed ad lib to the birds during the study. Prior to onset of the monitoring, the barn was cleaned, disinfected and bedded with rye hulls. Top dressing of 15.4-ton rye hulls was applied after each flock and 409 kg (900 lb) Alum (50 lb/1000 ft 2 ) was applied on top of the new bedding. Continuous light was used. An automatic bird scale (Model RSC-2, Rotem, Petach Tikva, Israel 1 ) was placed in the barn to continuously monitor bird weight ( fig. 2 ). Daily bird mortality was also recorded. Air samples were drawn from two locations in the barn to account for potential spatial variations. One sampling was near the primary minimum ventilation (24-in) sidewall fan (SW3) and the other was near the center of the tunnel end of the barn ( fig. 1) . Placement of the air sampling ports were as follows: for the sidewall location, the sampling port was located 1.5 m (5 ft) away from the fan in the axial direction, 1.8 m (6 ft) in the radial direction, and 1.2 m (4 ft) above the floor; for the tunnel end, the sampling port was located at the center across the barn (i.e., 9.1 m or 30 ft from each sidewall) and 7.32 m (24 ft) from the end wall. In addition to the in-barn sampling, an outside ambient air sample was taken at 2-hr intervals to provide the background concentration. The ambient sample intake was located approximately 6.1 m (20 ft) from the air inlet on the south side. The background gas or PM was subtracted from the exhaust amount in calculating air emissions from the barn. All air sampling lines were protected from in-line moisture condensation with insulation and temperature-controlled resistive heating cable.
Most turkey grow-out barns in the Midwest use natural ventilation (NV), making it a formidable task to measure ventilation rate of the barn with reasonable accuracy. Hence, in this study we converted portion (about 42%) of the turkey barn (60 x 800 ft) into fully mechanical ventilation (MV), allowing us to monitor the barn ventilation rate on a continuous basis. To maintain and reflect the otherwise naturally ventilated environment as much as possible, gas (CO 2 and NH 3 ) concentrations of the NV portion was monitored every 20 minutes. The readings of the gaseous concentrations of the NV portion were used to fine-tune the ventilation and microenvironment (e.g., litter condition) of the MV portion.
For the PM concentration measurements, tapered element oscillation microbalances (TEOMs) (Thermo Environmental Instruments Inc., Franklin, MA) were used, one set placed at the sidewall (SW 3) location and another set near the tunnel end. At the SW3 location, the PM 10 TEOM was located 2.7 m (9 ft) away from the fan in the axial direction, 0.9 m (3 ft) in the radial direction to the right of the fan, and 1.5 m (5 ft) above the floor; and the PM 2.5 TEOM was located 2.7 m (9 ft) away from the fan in the axial direction, 2.0m (6.5 ft) in the radial direction to the right of the fan, and 1.5 m (5 ft) above the floor. At the tunnel end, the PM 10 TEOM was located 4.9 m (16 ft) away from the north sidewall, 4.9 m (16 ft) from the tunnel end of the house, and 1.5 m (5 ft) above the floor. The PM 2.5 TEOM was located 6 m (19.5 ft) away from the north sidewall, 4.9 m (16 ft) from the tunnel end of the barn, and 1.7 m (5 ft) above the floor. For the ambient (background) location, the PM 10 and PM 2.5 TEOMs were collocated at the ambient air sampling location, approximately 6.1 m (20 ft) from the air inlet on the south side.
A state-of-the-art mobile air emissions monitoring unit (MAEMU) was used to conduct the continuous measurement. provided a detailed description of the MAEMU. Briefly, a positive-pressure gas sampling system (P-P GSS) was designed and used for the MAEMU ( fig. 3 ). Four pairs of 2-way solenoid valves (S1-S8) in the GSS were controlled by the data acquisition (DAQ) and control system to take air samples from the four sampling locations. Air samples from each location were analyzed for 120 s. Selection of the 120 s measurement cycles were based on extensive testing of the instrument response time, both in the laboratory and in the field (injecting calibration gases into the most distant in-house air sampling port). If fans at both in-barn sampling locations were running, the time interval of a complete sampling cycle would be 240 s (120 × 2 = 240 s). To account for potential concentration changes during this period, linear interpolation between the two adjacent readings of the same location was performed to determine the concentrations in between sampling events. If tunnel fans were not operating, sampling of the location would be skipped, and the sampling would either remain at SW3 or switch to the background air. Ventilation rate concomitant with the measured gas concentrations was used in the calculation of the barn emission rate. Only the concentrations at the end of the sampling cycle (fourth readings at any given in-barn location) were considered as the valid measurements and used to calculate emissions. When sampling the ambient air, the measurement cycle lasted for 8 min to ensure stabilization following the large step change from the higher in-barn concentration to the lower ambient concentration. As mentioned above, the outside ambient air sample was taken at 2-hr intervals because of its relative stability.
Ventilation rate (VR) of the barn was derived by using in situ calibrated fan curves from a fan assessment numeration system (FANS) (Gates et al., 2004) . After the actual airflow curves were established for all of the exhaust fans individually and in stage combinations, runtime of each fan was monitored and recorded continuously using an inductive current switch attached to the power supply cord of each fan motor (Muhlbauer et al., 2006) . Analog output from each current switch was connected to the compact Fieldpoint modules. Concurrent measurement of the barn static pressure was made with two static pressure sensors (Model 264, Setra, Boxborough, MA), each for half of the house. Summation of airflows from the individual fans during each monitoring cycle or sampling interval yielded the overall barn VR. 
Results and Discussion
Data on NH 3 and PM emissions and related production parameters from three flocks for the period of May 2, 2007 to May 1, 2008 were collected and analyzed. Air temperature and relative humidity (RH) conditions during this period are summarized in Table 2 . Daily mean outside temperature varied from -22.4 to 27.8 º C for the IA site. Figure 3 shows the variations in air temperature and VR throughout the year. As the daily mean outside temperature exceeded 5 º C, the barn VR increased considerably. The inside temperature followed the target temperature during the cold weather, but did not during warm weather due to lack of supplemental cooling. There was a spike in VR per bird near the end of the first flock, resulting from a sudden change in number of birds arising from two-week early marketing of one fourth of the flock (130 d age). 
Ammonia and PM Concentrations
Daily mean NH 3 , PM 10 and PM 2.5 concentrations in the turkey barn during the three flocks are shown in Figure 4 and summarized in . The concentrations showed strong seasonal and cyclic patterns in that the summer flock (flock 1) had much lower NH 3 , PM 10 and PM 2.5 concentrations than the fall or winter flocks (2 and 3). For instance, daily mean NH 3 concentrations in flock 1 averaged 3.1 ppm, as compared to 11.7 ppm and 12.8 ppm for flocks 2 and 3, respectively. The maximum daily mean NH 3 , PM 10 and PM 2.5 concentrations were 44.7 ppm, 3384 µg/m 3 and 637 µg/m 3 . Ammonia concentration increased with time throughout flock 1, but started to decline after 10 weeks of age for flocks 2 and 3. The inverse relation of VR to NH 3 , PM 10 and PM 2.5 levels was also demonstrated. Some downtime NH 3 emission was monitored as well. As expected, downtime VR showed a positive impact on NH 3 ER of the barn ( fig. 6 ). This trend was consistent with that observed of downtime NH 3 emissions from broiler houses (Burns et al., 2007) .
Ammonia Emissions
Annual NH 3 emission from the turkey barn is the accumulation of daily emissions over 365 days, including that during downtime. With the three flocks of emission data, the annual NH 3 emission from the grow-out tom turkey barn was found to be 2439 kg/house. It is equivalent to a mean of 169 g per bird marketed. If expressed on the basis of emission per kg of body weight gain, the annual NH 3 emission averages 9.7 g per kg weight gain (4.4 g per lb weight gain).
PM Emissions
The daily PM 10 and PM 2.5 ER are shown in Figures 7 and 8 The annual PM 10 or PM 2.5 emission from the barn is the accumulation of daily ER over 365 days, although downtime emission was not included (considered negligible due to absence of bird activities). Based on the daily ER data, the annual PM 10 and PM 2.5 emissions from the grow-out tom turkey barn were 577 kg/house and 62 kg/house, respectively; equivalent to 40 g/bird-marketed and 4.3 g/bird-marketed. On the basis of per kg body weight gain, the PM 10 and PM 2.5 emissions are, respectively, 2.2 g and 0.242 g per kg body weigh gain (1.0 g and 0.11 g per lb body weight gain). 
Effect of Environmental Variables on Ammonia and PM ER
To assess the impact of environmental variables on NH 3 , PM 10 , and PM 2.5 emissions from the tom turkey barn, a multivariate regression analysis was performed to relate ER to bird age (BA, Table 4 , 5, and 6. It can be seen that VR showed positive impact on NH 3 , PM 10 , and PM 2.5 ER (kg/d-house); whereas inside RH had negative influence on PM10, and PM 2.5 ER, but positive impact on NH 3 emission. 
Conclusions
Air emissions (NH 3 , PM 10 , and PM 2.5 ) from a commercial tom turkey grow-out barn in Iowa has been continuously quantified for one year, involving 3 grow-out flocks. The following conclusions were drawn.
• Daily NH 3 emission rate (ER) varied from 0.15 to 25.2 kg/d-house, averaging 7.5 ± 5.9 kg/d-house (1.9 ±1.5 g/d-bird), 8.0 ± 4.6 kg/d-house (1.3 ± 0.77 g/d-bird) and 6.1 ± 3.7 kg/d-house (1.4 ± 0.85 g/d-bird) for flocks 1, 2, and 3, respectively. The daily NH 3 ER varied from 0.04 to 6.4 g/bird-d during the grow-out. Cumulative NH 3 emission (g/marketed bird) was 215, 143, and 158 for flock 1, 2, and 3, respectively; yielding an annual mean NH 3 emission (including downtime emissions) of 169 g/bird-marketed.
